Abstract Aims/hypothesis: We explored the impact of baseline left ventricular hypertrophy (LVH) and losartan treatment on renal and cardiovascular (CV) events in 1,513
Introduction
Left ventricular hypertrophy (LVH) has consistently been linked to the increased prevalence of cardiovascular (CV) events in a variety of patient populations [1] [2] [3] [4] . In addition, the risk of death or non-fatal complications is increased two-to four-fold in the presence of LVH even when age, sex and other risk factors are taken into account [1] [2] [3] [4] [5] . Furthermore, there is evidence that this risk may be enhanced by the presence of diabetes mellitus [3, [6] [7] [8] [9] [10] . Patients with impaired renal function are also at high risk of CV events and this risk is further increased in patients with diabetic renal disease [11] . While diabetic nephropathy has been linked to CV events [12] , the role of LVH as an additional CV risk factor has not been determined in this patient population. Although LVH is common in patients with impaired renal function, no studies to date have examined the impact of LVH on renal disease progression in patients without overt CV disease [13] .
The Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) trial was designed primarily to study the effects of losartan on progression of renal disease and/or death in patients with type 2 diabetes and nephropathy. The major finding was that losartan had a significant beneficial effect on renal endpoints and was associated with a significant reduction in hospitalisations for heart failure, but not for CV events [14] . The present analysis investigates the impact of LVH (based on previously validated ECG criteria) [15] on the renal and CV outcomes in these patients. In addition, the effects of losartan treatment on LVH, renal and CV endpoints in patients with or without LVH were also determined.
Subjects, materials and methods
The study design and inclusion/exclusion criteria for RENAAL have been reported in detail previously [14, 16] . Briefly, RENAAL was a multinational, double-blind, randomised, placebo-controlled study in 1,513 patients with type 2 diabetes and proven nephropathy in 250 centres in 28 countries. The investigational review board at each of the centres approved the study, and all patients gave written informed consent. An independent Endpoints Committee whose members were unaware of the patients' treatment assignments reviewed the data to determine which patients had reached the endpoints. In addition all renal and CV events, including death and its cause, were adjudicated. Patients were stratified according to baseline urinary albumin : creatinine ratio (<226.2 mg/mmol [<2,000 mg/g] or >226.2 mg/mmol [>2,000 mg/g]), and randomised to either losartan-based therapy (50 mg titrated to 100 mg once daily) or placebo-based therapy. Other antihypertensive medications, except for ACE inhibitors and angiotensin receptor blockers, could be added if the trough sitting BP did not reach the goal of <140/90 mmHg. Patients were followed for an average duration of 3.4 years.
Patient population
The study population included both men and women aged between 31 and 70 years. The patients were diagnosed with type 2 diabetes and clinical nephropathy (albuminuria >300 mg/g creatinine from a first morning specimen, or proteinuria of>0.5 g/day and serum creatinine of 115-265 μmol/l (1.3-3.0 mg/dl) with or without hypertension. Patients with a history of a CV event or intervention 1-12 months prior to study enrolment were excluded.
Endpoints
The primary endpoint of the RENAAL study was a composite of doubling of serum creatinine (DSCR), endstage renal disease (ESRD) or death. In addition, the pre-specified renal composite endpoint of DSCR/ESRD was also included. The secondary CV endpoint comprised myocardial infarction, stroke, hospitalisation for heart failure or unstable angina, coronary or peripheral revascularisation or death due to CV causes.
Detection of LVH
ECGs were obtained at baseline and annually from all subjects using a standard supine 12-lead ECG protocol and a standardised method for electrode placement. ECGs were then assessed centrally, using the Cornell product and Sokolow-Lyon voltage criteria, which had been used in the LIFE (Losartan Intervention for Endpoint Reduction in Hypertension) study and validated [17] [18] [19] [20] [21] in a large number of patients. Furthermore, the Cornell product criteria have been shown to be more sensitive in diagnosing LVH in obese patients and were thus considered to be more robust in assessing the presence or absence of LVH in this study [22] .
The Minnesota Code rules [23] were used for visual measurement of amplitude and duration of the QRS wave, each measurement being repeated independently. The following criteria for LVH were used: Cornell product greater than 2,440 mm×ms [19, 24] or Sokolow-Lyon voltage greater that 38 mm [18] .
The Cornell product was calculated using an adjustment for sex as: Cornell product=(QRS duration [ms])×(R in AVL+S in V 3 [mm]+k), where k=0 for men and k=6 for women.
The Sokolow-Lyon voltage was calculated as: Sokolow-Lyon voltage=S in V 1 +R in V 5 or V 6 .
Statistical analysis
Treatment groups, defined according to intent-to-treat, were compared with respect to the change in the Cornell product and Sokolow-Lyon voltage from baseline to the end of follow-up (either study end or patient drop-out) using a Wilcoxon analysis. Baseline characteristics were compared using chi-square tests for categorical variables and a Wilcoxon test for continuous variables. The effect of LVH on outcomes was analysed by calculating KaplanMeier estimates for time-to-event data.
To determine the risk of renal or CV events the total cohort was analysed using a proportional hazards model that was fitted with treatment allocation and presence of LVH. The following baseline covariates were included in the model: age, sex, systolic BP, mean arterial pressure, pulse, proteinuria, serum creatinine, albumin and haemoglobin. In addition, mean arterial pressure at the time of the specific endpoint was also included in the model (not a baseline endpoint). A model-fitting strategy was used that consisted of the following steps: (1) test each covariate independently in a model with LVH and treatment; (2) include all potentially significant covariates (p<0.10) in a model with LVH and treatment; and (3) remove those covariates that were non-significant (p>0.05).
Thus, the final model for each endpoint contained LVH and treatment and those covariates that were statistically significant at the 0.05 level.
Results

Baseline characteristics
Of the 1,513 patients randomised to treatment, 187 (12%) fulfilled the criteria for LVH at baseline, whereas 1,240 patients did not have LVH and 86 patients with insufficient data were excluded. Of the patients diagnosed as having LVH, 73.8% had an elevated Cornell product, 33.2% an increased Sokolow-Lyon voltage and 6.0% an increase in both criteria. Nine per cent of the patients with an elevated Cornell product had an increased Sokolow-Lyon voltage as well, while 81% had a normal Sokolow-Lyon voltage and in 10% there were insufficient data. Of the patients with an increased Sokolow-Lyon voltage, 21% had an elevated Cornell product and in 79% the product was not elevated. Table 1 summarises and compares the baseline characteristics of those with or without LVH. The patients with LVH were characterised by: female sex, higher systolic BP, higher mean arterial pressure, a greater percentage of patients receiving antihypertensive therapy, higher heart rate, increased urinary albumin: creatinine ratio, increased glomerular filtration rate and a history of slightly more myocardial infarction. There were no differences in serum lipid values, glycaemic control, use of insulin and smoking between the two groups. Serum creatinine levels were higher in the placebo group (mean±SD 176.8±44.2 vs 159.1± 35.4 μmol/l, p=0.004) and there was a higher percentage of smokers in the losartan group (27 vs 15%, p=0.042) in patients with LVH. In the patients without LVH there was a slightly higher BMI in the losartan group (mean±SD 30.1± 6.5 vs 29.5±6.3, p=0.048).
Reduction of LVH
The Cornell product decreased significantly more in the losartan group (1,432.8±61.3 to 1,344.2±802.5) than in the placebo group (1,482.3±771.6 to 1,478±883.9) (p=0.007).
The respective values for Sokolow-Lyon voltage were 22.3±8.2 to 20.8±8.6 and 22.9±8.0 to 22.8±8.5, the decrease being greater in the losartan group (p<0.001). In patients with LVH, losartan was also associated with a greater decrease in Cornell product (losartan−12.5% vs placebo-6.2%) and Sokolow-Lyon voltage (losartan− 16.6% vs placebo−11.7%), an effect that was also observed in patients without LVH.
All four groups showed a significant decrease in both systolic and diastolic BP from baseline measurement to last measurement (patients with LVH receiving losartan−10.3/ 8.1 mmHg, with LVH receiving placebo−13.4/7.8 mmHg, no LVH receiving losartan−9/6.1 mmHg, and no LVH receiving placebo−6.0/4.8 mmHg). Patients with LVH had significantly higher baseline BP values compared with patients who did not have LVH (Table 1 ). In patients with LVH the reduction in systolic BP over the course of the study was greater in the placebo-based therapy patients than the losartan-based therapy patients (losartan−10.3± 20.6 mmHg vs placebo−13.4±21.0 mmHg, p<0.05).
Risk associated with LVH
Multivariate analysis of the total cohort demonstrated that LVH at baseline was significantly associated with an increased risk for the primary composite endpoint ( Consistent with prior findings from the RENAAL study, elevated serum creatinine, increased proteinuria, reduced serum albumin and decreased haemoglobin were also strong positive predictors of the primary composite endpoint. LVH also increased the risk of the composite renal endpoint of DSCR/ESRD and the risk of a CV event (Table 2 ). In addition, LVH was associated with an increased risk for DSCR (HR=1.38, p=0.03). Interaction of treatment and LVH on renal outcomes Table 3 summarises the risk associated with LVH by treatment group. Patients without LVH on placebo-based therapy were used as the comparison group (HR=1). Patients with LVH at baseline, receiving placebo, were at highest risk for all endpoints (Table 3 and Fig. 1 , open circles). These patients had an increased risk for the primary composite endpoint (HR=1.44, p=0.011) and for the composite renal endpoint (HR=1.42, p= 0.031) ( Table 3) . Losartan treatment reduced the risk of the primary composite endpoint and the renal composite endpoint in patients with LVH to that of patients without LVH and receiving placebo (Fig. 1, closed circles) . Losartan reduced the risk of these endpoints in those patients without LVH (Fig. 1, closed triangles) . Figure 2a ,b show the KaplanMeier plots for the effect of losartan-based therapy vs placebo-based therapy on the primary composite endpoint and the renal composite endpoint.
Interaction of treatment and LVH on CV outcomes
The presence of LVH at baseline was associated with a 68% increased risk of CV events in patients with type 2 diabetes and nephropathy (p=0.001, Table 3 , Fig. 1, open  circles) . Similarly to the reduction in risk for renal events, losartan-based therapy reduced the level of risk for CV events in patients with LVH ( Fig. 1, closed circles) to the level observed in patients without LVH. By contrast, in subjects without LVH, losartan did not change the risk for CV events (Fig. 1, closed triangles) . The Kaplan-Meier plot for this parameter is shown in Fig. 2c .
Discussion
This analysis shows that in patients with type 2 diabetes and nephropathy, the presence of LVH, based on ECG criteria, is a significant risk factor for the composite endpoint of DSCR, ESRD or death and the renal endpoint of DSCR/ESRD as well as for CV events. The importance of LVH as a determinant of both renal and CV outcomes has not been previously demonstrated in this population of proteinuric, diabetic subjects. Losartan was associated with a decrease in the electrocardiographic parameters of left ventricular size in the total RENAAL population, both in patients with or without LVH. This effect on LVH by an angiotensin receptor blocker appeared to be independent of BP reduction. Of particular relevance was the finding that losartan treatment reduced the risk of renal and CV events in patients with LVH (the highest risk group) to a level of risk similar to that observed in patients without LVH. These findings suggest that in patients with type 2 diabetes, nephropathy and LVH, who are at increased CV risk, losartan-based therapy may provide cardioprotective effects in addition to the well-demonstrated renoprotective benefits. The proportion of subjects with overt, electrocardiographically diagnosed LVH in the total RENAAL cohort was only 12%, and this may partly explain why there was no overall beneficial effect of losartan on CV outcomes, despite the significant effect in the patients with ECG-LVH. No attempt was made to assess the effects of treatment on different categories of CV events in view of the total number of events in patients with LVH being only 82. The baseline incidence of LVH (12%) in this population is less than that reported previously for diabetic patients [25, 26] and patients with chronic kidney disease [11, 27, 28] . Possible reasons for this include the inclusion/exclusion criteria, which resulted in a low prevalence of CV disease [14] and the reasonably well-controlled BP in many subjects at baseline. Moreover, the presence of LVH was assessed using ECG criteria, while echocardiography has been used in other studies. A recent study has shown the prevalence of LVH diagnosed on ECG in a large population of type 2 diabetes to be 17% [29] , similar to that observed in the present study. The data of the LIFE study showed that the same ECG criteria, as used in the RENAAL analysis, would identify approximately 70% of the LVH identified by echocardiography in hypertensive patients, thus underestimating the incidence of LVH [30] . Of interest is the fact that in the LIFE study, 65.9% of the subjects had an elevated Cornell product, 23.1% an elevated SokolowLyon voltage and 11.2% had an elevation of both values [20] . These figures are very similar to those presented in this study. The LIFE investigators also suggested that by using both criteria for the diagnosis of LVH they were able to select a study population enriched by a broader spectrum of risk factors. It has also been reported that echocardiography overestimated the left ventricular mass in patients on haemodialysis, presumably because of its dependence on ventricular volume, suggesting that prior studies using echocardiographic techniques may have overestimated the incidence of LVH [31] . Indeed, in a recent study it was shown that electrocardiographic diagnosis of LVH might be superior to echocardiography in diagnosing patients at high risk for ischaemic strokes [32] .
Reduction of BP is associated with regression of LVH [33] and has been linked to a reduction in CV event rates in both hypertensive subjects and the general population [34] [35] [36] . In the RENAAL study, losartan-based therapy significantly decreased both the Cornell product and Sokolow-Lyon voltage. In spite of the fact that the reduction in the systolic BP in subjects with LVH was greater in the placebo-based therapy, the reduction in LVH was more prominent in the losartan-treated group. Importantly, in patients with LVH, the reduction in BP across the study was greater in the placebo-based therapy group than in the losartan-based therapy group, yet the effect on LVH was more prominent in the group receiving the angiotensin II antagonist. This would suggest that the regression of LVH associated with losartan-based therapy resulted from effects above and beyond BP reduction per se. This is consistent with data from LIFE, where losartan was found to have a greater effect in reducing Cornell product and Sokolow-Lyon voltage than atenolol despite similarly achieved BP levels in both the total cohort (15) and, of direct relevance to the current study, the diabetic subpopulation [37] . RENAAL is the first study to show that in patients with type 2 diabetes and clinical nephropathy, blockade of the angiotensin receptor has specific cardiac effects leading to regression of LVH above and beyond that which can be attributed to lowering BP.
An increased prevalence of LVH has been described in patients with diabetic nephropathy [38] , including those with microalbuminuria [39] . Additional associations between the presence of LVH and the degree of proteinuria have also been reported [40, 41] . In this study, the presence of LVH at baseline significantly increased the risk for the primary composite endpoint and more importantly significantly increased the risk for the composite renal endpoint of DSCR or ESRD. Patients at greatest risk of renal outcomes were those who had LVH at baseline and were receiving placebo-based therapy. Patients with the lowest risk of renal endpoints were those who did not have LVH and were treated with losartan. Importantly, in patients with LVH, losartan-based therapy reduced the risk of renal events to that seen in patients without LVH.
The current analysis demonstrates that LVH, diagnosed on ECG, significantly increased the risk of developing a CV event in patients with diabetic nephropathy. Furthermore, losartan-based treatment of these high-risk patients reduced the level of risk for CV events to that of patients at much lower risk without LVH. While RENAAL did not demonstrate a clear cardioprotective role for losartan in the total cohort of patients with type 2 diabetes and nephropathy, these results do suggest that losartan could play a role in reducing CV events in diabetic subjects with LVH, a setting of increased CV risk. These data are consistent with those from the LIFE study, where losartan conferred CV benefits in patients with LVH [37] . In particular, the findings from the LIFE diabetic sub-study have demonstrated the utility of angiotensin II receptor antagonism in conferring CV protection in the setting of concomitant LVH and diabetes [37] .
A recent editorial, based on several studies predominantly in non-diabetic populations, has suggested that angiotensin receptor blockade may be associated with an increased risk of myocardial infarction [42] . However, in this analysis we were able to show the efficacy of losartan in reducing CV events in diabetic patients at very high risk. It is thus possible that the major beneficial effects of angiotensin receptor blockade are primarily seen in patients at very high CV risk such as those with diabetes, proteinuria and renal impairment.
These data lend further support to the concept of crosstalk between the renal and CV systems and further highlight that treatment of diabetic patients should not be designed to simply address either CV or renal disease progression, but should in fact encompass treatment that can reduce both outcomes. The number of patients found to have LVH at baseline, in this study, may be underestimated because ECG criteria were used to identify this phenomenon. Without the ability to use other techniques such as echocardiography or magnetic resonance imaging it is not possible to determine how many of these patients had anatomical LVH. However, the electrocardiographic expression of LVH may define a certain group of patients with a high risk for both cardiac disease and progression of renal disease.
In summary, LVH appears to confer an additional cardiorenal disadvantage on an already high-risk group of subjects, namely those with type II diabetes and nephropathy. Losartan-based therapy not only reduced LVH but also the risk conferred by LVH on CV and renal outcomes in this population.
